In the last decade, seawater reverse osmosis (SWRO) has come to be seen by policy-makers as a novel technology that will significantly advance water security in South African coastal regions. Water purveyors, from the private sector, local/district municipalities and provincial authorities, are undertaking studies to explore the feasibility of SWRO to meet growing demand and relieve mounting pressure on current bulk water supply infrastructure. With this in mind, it is suggested that national strategic planning should be introduced to present the opportunities and constraints of the desalination option within the national water and energy policy. In absence of this, piece-meal decisions will be made at local authority levels and the construction of SWRO plants will be determined by regional circumstances (e.g. drought) as opposed to national water policy agenda. This paper explores the value of such a strategy by considering the drivers of SWRO in South Africa, the risk of unplanned large-scale SWRO implementation (with a focus on environmental impacts) and the initial steps that could be taken toward a Strategic Environmental Assessment for SWRO in South Africa.
INTRODUCTION
The National Treasury's 2012 Budget Review suggested that South Africa would start running out of water within the next 20 years. The document concluded that based on current projections, South Africa's water demand will outstrip available supply around 2030. To counteract these forecasts, the government allocated R 75-billion to the augmentation of existing and construction of new bulk water supply schemes across the country (Treasury ).
In addition to these traditional water supply schemes, national water policy has encouraged public water purveyors in coastal regions to explore the potential for the creation of new water resources from the sea. The South African National Water Resource Strategy (DWAF ) and the Draft South African National Water Resource Strategy 2 (DWA ), suggest that the nation will face severe challenges in the future as traditional water resources approach their full-yield potential. Climate change is also expected to increase the risks associated with security of supply. Consequently, attention in South Africa could become sharply focused on seawater reverse osmosis (SWRO) as a potential solution to water scarcity in coastal regions.
The decreasing costs of SWRO, together with the fact that SWRO could provide a more environmentally-acceptable solution than traditional supply schemes, such as dams, could result in SWRO projects being implemented prior to some of the conventional water resource schemes. The technology used in SWRO is increasingly being refined and options to use renewable energy sources to power SWRO plants are also under investigation (Gilau & Small ) .
it through a semi-permeable membrane. 'Pure' water will move through the membrane from a region of high salinity to a region of low salinity. This creates a processed permeate stream that can be used as potable water. Salts and minerals unable to pass through pores in the membrane will be retained in a con- 
Climate change and water demand drivers
Rainfall in South Africa is highly variable in spatial distribution and is unpredictable, both within and between years. Much of the country is arid or semi-arid and the whole country is subject to droughts and floods (DWAF ). Bulk water supplies are largely provided via a system of large storage dams and inter-basin water transfer schemes. Thus, a reduction in the amount or reliability of rainfall, or an increase in evaporation as a result of climate change, may exacerbate the already seriously limited surface and ground water resources in South Africa (DWAF ).
Current population projections in South Africa estimate that the population will grow to 53 million by 2025 and with it water demand will rise (DWAF ). Rapid rates of urbanisation will place stress on existing water infrastructure. New and developing business nodes with limited infrastructure will also require water supplies to be sustainable in the future. These patterns of urban settlement are not driven by regional planning and as a result are generally unsupported by sufficient water service infrastructure (DWAF ).
Water policy drivers
In the Water for Growth and Development Framework (2009) water. The extent to which these alternative water supply strategies could be employed to meet water demands needs to be properly evaluated against the SWRO option in coastal regions. However, from a local water agency and purveyor perspective, a steadily rising interest in SWRO has been observed. This is largely as a result of the desire to reduce reliance on imported potable water supplies; and desalinated seawater is viewed as more reliable than traditional water sources due to increased competition at local water purveyor levels.
ENVIRONMENTAL RISKS OF SWRO IMPLEMENTATION
The United Nations has realised the importance of the development of sustainable SWRO planning criteria that offer governments in water-stressed regions a viable opportunity to respond to both population growth and the impacts of climate change. While the United Nations Environment Programme (), the World Health Organization () and the World Wide Fund for Nature () have published reports on the environmental impacts of SWRO, the actual impacts are still subject to considerable debate (Latteman ) . Considering the complexity of the environmental impacts relating to marine and terrestrial pipeline corridors, seawater intakes, brine outfalls, the operational footprint in the coastal zone and other indirect impacts (e.g. energy consumption and CO 2 emissions); there are understandably a number of risks to be considered when planning for SWRO plants. Here, the authors discuss what are considered to be the most pertinent environmental risks and impacts.
Discharge of brine into the marine environment
Brine streams will generally contain the natural constituents of seawater in a concentrated form. In addition, the pre-treatment of seawater involves chemical additives such as biocides (to inhibit biological growth on the membranes and pipes), coagulants (to remove suspended materials before filtration) and anti-scalants (to prevent scale • Impacts on seawater quality and sediments: • Impacts on marine macrofauna:
○ increased salinity and residual chlorine may affect algae and seagrass meadows. Coagulants may also impair photosynthesis that can lead to a die off of these organisms.
• Impacts on marine plankton and nekton:
○ residual chlorine by-products may have toxic impacts on plankton organisms in the mixing zone.
• Impacts on marine benthic invertebrate fauna: (especially communes that rely on the coast for subsistence).
Energy consumption and greenhouse gas emission
The specific energy demand of SWRO plants depends on a range of factors such as energy recovery devices, pre-treatment design, the type of membranes, the efficiency of pumps and motors, the type and efficiency of energy recovery systems and environmental conditions. Modern SWRO plants can achieve a specific energy demand (i.e. the plant only) of <2.5 kWh per 1,000 L and a total energy demand (i.e. the plant and auxiliary pumps) of <3.5 kWh per 1,000 L by using state of the art equipment. The real energy demand may be higher under less favourable conditions, i.e. high The total energy demand of SWRO plants that will be constructed in South Africa is generally uncertain. While the operational energy requirements will be considerably higher than those associated with traditional bulk water supply schemes, SWRO offers the government and environmental planners a suite of alternatives than can be used to offset environmental impacts associated with water catchment management strategies such as damming. It is evident that in the South African context, further research into energy requirements and the associated CO 2 -equivelents need to be determined at a higher planning level, if the relationship of energy demand and water supply in the context of SWRO plants is to be fully understood.
A NATIONAL STRATEGY FOR SWRO
While desalination of seawater has been mentioned in South African water policy documentation and many of the reconciliation studies have proposed investigation into SWRO, all of these studies have been undertaken in isolation that have investigated regional water requirements.
In other words, they will not be informed by a strategic national view on the viability of SWRO as a sufficiently environmentally and economically sustainable solution to meeting South Africa's long-term water needs. A situational assessment of SWRO in South Africa
• A nation-wide inventory of small-scale plants currently operating around the South African coast with a focus on research and lessons learned. Monitoring data to measure performance, e.g. energy consumption, permeate water quality etc. all need to be assessed and evaluated.
• An extensive national legal and policy review of SWRO within water, coastal, air quality emission, energy, marine legislation, etc. to determine the full extent of how SWRO must be approached within the ambit of all applicable legislation.
• A description and explanation of the relevant environmental legislation applicable to Environmental Impact Assessment (EIA) and the development of the aforementioned and monitoring protocols so that development permits can be obtained (and stream lined if required) and the national inventory can be suitably monitored.
Development of an overarching national policy on deployment
• A national level screening study of suitable locations, plant sizes and technologies for SWRO facilities considering water demand in the region and environmental opportunities (e.g. high sea current energy at outfall location) and constraints (e.g. poor intake water quality, rare marine or terrestrial species, etc.). • • The development of policy incentives governing SWRO such as funding mechanisms and interactions for engagement of local authorities with national departments. This would include guidance on the required and most feasible contracting conditions and development plans. These would need to ensure the integration and integrity of the financial planning phases, the engineering process, environmental authorisation and other regulatory processes of relevance.
• An indication of the options that exist for operational procedures of SWRO plants to alleviate peak seasonal demands and/or provide a temporary base water supply for a region that corresponds to shortage of rainfall and available supply.
• Guidelines for operational roll-out and monitoring performance
• Direction on the most relevant contracting conditions and development plans. These would need to ensure both the integration and integrity of the financial planning, the engineering process and environmental processes (guidelines for ensuring timeous information flows between design, the EIA process and decision-making) and other regulatory procedures of relevance.
• Examples of how environmental feasibility and monitoring protocols should be executed. In addition, detailed guidance on issues such as water quality monitoring programmes is required, and sufficient experimental data is needed, including field investigations, laboratory toxicity tests and modelling studies.
• Guidelines on capacity building of water purveyors to operate and monitor SWRO plants; and the strategies best suited to engaging the public at large in the discussion about SWRO implementation.
CONCLUSIONS
While some perceive SWRO as a panacea to water supply in the face of population growth and climate change, there are some people who perceive it as a technocratic, expensive and ultimately harmful approach to addressing increasing water demand and facilitating climate change adaptation.
Having said that, putting the cost of water as well as increasing demand and climate changes variables into perspective, it has to be considered that when the alternative is no water (or inadequate water supply) and when significant harm to human health and social welfare could occur, greater economic and environmental costs may be tolerated in some circumstances (Latteman ).
It is likely that SWRO may come to form a substantial portion of potable water supply in the coastal regions of South Africa. As the need for water accelerates, national policy will need to be guided by a framework where water supply from SWRO is considered within the national environmental and economic planning contexts. Currently there is no co-ordinated approach on a national scale. Given the complexity and farreaching footprint of these plants, SWRO must form part of a holistic national approach to water supply, resource usage and environmental sustainability. This would require a strategic approach to decision-making to counter the seemingly ad-hoc approach to SWRO currently being undertaken by water purveyors. At the very least, a co-ordinated response to permitting requirements and marine discharge inventory of current operations must be established in the short term.
Outcomes that meet the objectives of water purveyors, SWRO advocates and those concerned with sustainability may flow from an improved and consistent process to assess water needs and the optimum mix of both supply and demand side measures set against the background of an overarching SWRO strategy. Where SWRO is established to be an integral part of meeting a real water need at local levels in the most cost effective and least environmentally harmful way, SWRO plants need to be sited, constructed and operated to minimise unacceptable environmental impacts and ensure long-term water supply and sustainability (WWF ). This will only be achieved through a strategic planning approach to SWRO implementation which can be used to underpin informed and defensible decision-making about water planning for the future.
